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1
EXPOSURE APPARATUS

This application is a continuation of PCT/JP2010/069974,
filed on Nov. 10, 2010.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an exposure apparatus for
applying exposure light to an object to be exposed held on a
stage through a photomask and forming a predetermined
pattern by exposure, in particular, to an exposure apparatus
for exposing an image of non-periodic pattern on a large area
object to be exposed with high resolving power.

2. Description of Related Art

A conventional exposure apparatus is an exposure appara-
tus which intermittently irradiates exposure light to an object
to be exposed conveyed at a constant speed through a photo-
mask and exposes an image of a mask pattern of the photo-
mask at a predetermined position. The conventional exposure
apparatus includes a first imaging device arranged to capture
an image of an exposure position by the photomask or a
position upstream of the exposure position in a conveying
direction of the object to be exposed and the first imaging
device having a plurality of light receiving elements arranged
in a direction substantially perpendicular to the conveying
direction, a second imaging device arranged to capture an
image ofthe exposure position by the photomask or a position
upstream of the exposure position in a conveying direction of
the object to be exposed and the second imaging device hav-
ing a plurality of light receiving elements arranged in sub-
stantially parallel with the conveying direction, an alignment
device which relatively moves the object to be exposed and
the photomask in a direction substantially perpendicular to
the conveying direction to correct the exposure position by
the photomask, and a control device which controls drive of
the alignment device on the basis of a first reference position
for correcting the exposure position provided on the object to
be exposed in advance when the first reference position is
detected by the first imaging device and controls irradiation
timing of exposure light on the basis of a second reference
position for extracting the irradiation timing of exposure light
provided on the object to be exposed in advance when the
second reference position is detected by the second imaging
device (for example, refer to Japanese Laid-Open Patent
Application No. 2008-76709).

However, in the conventional exposure apparatus as
described above, although a periodic pattern is easily exposed
to the object to be exposed (substrate) by only controlling the
irradiation timing of exposure light at a predetermined cycle
while conveying the substrate in one direction at a constant
speed, it is difficult to perform exposure of non-periodic
pattern. Furthermore, in the conventional exposure apparatus,
the photomask and the substrate are allowed to be disposed
proximately to each other, and then, an image of a pattern
formed on the photomask is exposed onto the substrate. Thus,
an image of pattern on the substrate is blurred and resolution
is deteriorated due to the presence of a collimation half angle
in light from a light source irradiated to the photomask, so that
there is a possibility that a fine pattern may not be formed by
exposure.

Although such a problem can be solved by using a stepper
exposure apparatus which performs exposure by projecting a
reduced image of a mask pattern of the photomask onto the
substrate by an imaging lens, when exposure is performed on
a large area substrate of 1 m by 1 m, for example, there is a
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problem that the diameter of the lens to be used becomes large
and expensive according to the size of the substrate.

SUMMARY OF THE INVENTION

Therefore, in view of the above conventional problems, an
object of the present invention is to provide an exposure
apparatus for exposing an image of non-periodic pattern on a
large area object to be exposed with high resolving power.

In order to achieve the above object, the exposure appara-
tus according to an aspect of the present invention includes a
photomask on which a mask pattern having the same shape as
that of'an exposure pattern exposed onto a surface of an object
to be exposed held on a stage is formed, a lens assembly
which is disposed between the photomask and the stage and in
which a plurality of unit lens groups in each of which a
plurality of convex lenses are arranged in a normal direction
to the photomask so that a same-size erect image of the mask
pattern formed on the photomask can be formed on the sur-
face of the object to be exposed are arranged in a plane
parallel with the photomask and the surface of the object to be
exposed held on the stage, and a moving device that moves the
lens assembly in a plane parallel with the photomask and the
surface of the object to be exposed held on the stage.

By the configuration described above, the lens assembly
which is disposed between the photomask and the stage and in
which a plurality of unit lens groups in each of which a
plurality of convex lenses are arranged in a normal direction
to the photomask are arranged in a plane parallel with a
surface of the object to be exposed held on the photomask and
the stage is moved in a plane parallel with the photomask and
the stage by the moving device, the same-size erect image of
the mask pattern formed on the photomask is formed on the
surface of the object to be exposed held on the stage by the
lens assembly, and the object to be exposed is exposed to a
predetermined pattern.

Preferably, the lens assembly is an assembly in which a
plurality of lens columns in each of which a plurality of the
unit lens groups are arranged at a predetermined pitch in a
direction perpendicular to a moving direction of the lens
assembly are provided at a predetermined pitch in the moving
direction and each lens column is shifted from an adjacent
lens column by a predetermined distance in an arrangement
direction of the unit lens groups so that a part of each unit lens
group of each lens columns overlaps each other as seen from
the moving direction.

More preferably, the lens assembly is formed by overlap-
ping a first, a second, a third, and a fourth lens arrays, in each
of which a plurality of convex lenses are formed on both
surfaces of a transparent substrate in a state in which the
convex lenses on the upper surface and the convex lenses on
the lower surface correspond to each other, in a state in which
corresponding convex lenses have the same optical axis, and
the lens assembly is formed so that an intermediate inverted
image of the mask pattern of the photomask is formed
between the second lens array and the third lens array.

Furthermore, the lens assembly includes a first aperture
stop including an opening having a predetermined shape near
a surface of a convex lens located on the upstream side of a
light propagation direction of the third lens array, so that an
exposure area by the unit lens is limited to a central portion of
the lens.

Also, the opening of the first aperture stop has a shape, a
part of which is a light-shielding portion, so that, in an open-
ing having a rectangular shape in a planar view, an area of a
portion overlapping a part of an opening of an adjacent first
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aperture stop as seen from the moving direction of the lens
assembly is a halfofthe entire area of the overlapping portion.

Furthermore, the lens assembly includes a second aperture
stop limiting a diameter of light flux near a surface ofa lens on
the upstream side of the light propagation direction of the
fourth lens array.

Preferably, the stage can carry and convey the object to be
exposed in one direction and the moving device moves the
lens assembly in a state in which movement of the stage is
stopped.

More preferably, the exposure apparatus further includes
another photomask in which a plurality of other mask patterns
are formed by arranging the mask patterns in at least one
column at predetermined intervals in a direction perpendicu-
lar to the conveying direction of the object to be exposed on a
light-shielding film formed on one surface of a transparent
substrate above the stage at the upstream side of the above-
mentioned photomask in the conveying direction of the object
to be exposed, and light from light source is intermittently
irradiated to the other photomask at predetermined time inter-
vals and images of the mask patterns are exposed to the object
to be exposed that is being conveyed at a constant speed at a
predetermined cycle.

Furthermore, the other photomask is an photomask in
which two mask pattern groups including two types of mask
patterns having different required resolving powers are
formed on a light-shielding film formed on a surface of a
transparent substrate opposite to a surface facing the object to
be exposed along the conveying direction of the object to be
exposed and microlenses which project a reduced image of a
mask pattern corresponding to a mask pattern having higher
required resolving power of the two types of mask patterns
having different required resolving powers onto the object to
be exposed, are formed on the surface facing the object to be
exposed.

Furthermore, a mask pattern group including the mask
pattern having high required resolving power includes a plu-
rality of mask pattern columns formed by linearly aligning
the plurality of mask patterns at a predetermined pitch in a
direction substantially perpendicular to the conveying direc-
tion of the object to be exposed, and in order to be able to
complement spaces between a plurality of exposure patterns
formed by a mask pattern column located downstream in the
conveying direction of the object to be exposed with a plural-
ity of exposure patterns formed by a subsequent mask pattern
column, the subsequent mask pattern column is formed by
being shifted by a predetermined distance in an alignment
direction of the plurality of mask patterns.

Preferably, the object to be exposed is a thin film transistor
substrate of a display apparatus. The other photomask is used
to expose in a central display area of the thin film transistor
substrate images of the two types of mask patterns having
different required resolving powers at a predetermined cycle,
a mask pattern having higher required resolving power of the
two types of mask patterns having different required resolv-
ing powers is an electrode wiring mask pattern of a thin film
transistor, and a mask pattern having lower required resolving
power is a mask pattern for signal lines and scanning lines
which supply signals to the thin film transistor. The photo-
mask includes a mask pattern for terminals connected to the
signal lines or the scanning lines in an area outside the display
area of the thin film transistor substrate.

According to a first aspect of the invention, a lens assembly
formed so that a same-size erect image of the mask pattern
formed on the photomask can be formed on the surface of the
object to be exposed can be exposed while the lens assembly
is being moved in parallel with the surface of the photomask,
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so that even when the mask pattern is a non-periodic pattern,
exposure with high resolving power can be performed. In this
case, the size of the lens assembly may be smaller than that of
the photomask. Therefore, even when the size of the photo-
mask becomes large to handle a large area object to be
exposed, it is possible to reduce the size of the lens assembly
to be used and the cost of components can be reduced.
Thereby, the manufacturing cost of the apparatus can be
reduced.

Furthermore, according to a second aspect of the invention,
even when a mask pattern, the size of which is larger than the
lens, is used, exposure can be continuously performed with-
out interruption.

Furthermore, according to a third aspect of the invention, a
lens assembly in which a plurality of unit lenses are arranged
in a plane can be easily formed. Therefore, the manufacturing
cost of the lens assembly can be reduced.

Furthermore, according to a fourth aspect of the invention,
the same-size erect image of the mask pattern of the photo-
mask can be accurately formed on the surface of the object to
be exposed while eliminating the effect of lens aberration.
Therefore, the accuracy in forming an exposure pattern can be
improved.

Furthermore, according to a fifth aspect of the invention,
even when repeated exposure is performed to connect expo-
sure patterns, over exposure can be prevented. Therefore, the
accuracy in forming an exposure pattern can be further
improved.

Furthermore, according to a sixth aspect of the invention,
the diameter of light flux can be limited, so that the resolving
power by the unit lens group of the lens assembly can be
further improved.

Furthermore, according to a seventh aspect of the inven-
tion, exposure can be performed while the objects to be
exposed are continuously supplied, so that the efficiency of
the exposure process can be improved.

Furthermore, according to an eighth of the invention, a
non-periodic exposure pattern and a periodic exposure pat-
tern can be formed in the same exposure process.

Furthermore, according to a ninth aspect of the invention,
even when exposure patterns in which two types of exposure
patterns having different required resolving powers are mixed
is formed on the object to be exposed, the two types of
exposure patterns can be formed in the same exposure process
atthe same time, so that the efficiency ofthe exposure process
can be improved.

Furthermore, according to a tenth aspect of the invention,
even when the arrangement pitch of a plurality of mask pat-
terns in a mask pattern column cannot be reduced due to the
presence of the microlenses, spaces between a plurality of
exposure patterns formed by the mask pattern column located
downstream in the conveying direction of the object to be
exposed are complemented with a plurality of exposure pat-
terns formed by the subsequent mask pattern column. There-
fore, an exposure pattern having high required resolving
power can be densely formed.

Then, according to an eleventh aspect of the invention, an
electrode wiring exposure pattern of a thin film transistor in
which high resolution power is required and exposure pat-
terns of signal lines and scanning lines in which resolving
power may be low are formed at a predetermined cycle in the
central display area of a thin film transistor substrate of the
display apparatus, and a non-periodic terminal exposure pat-
tern connected to the exposure pattern of signal lines or scan-
ning lines can be formed in an area outside the display area in
the same exposure process. Therefore, a wiring pattern of a
thin film transistor substrate can be efficiently formed.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing an embodiment of an expo-
sure apparatus according to the present invention;

FIG. 2 is a plan view of FIG. 1;

FIG. 3 is a plan view showing a thin film transistor sub-
strate used in the exposure apparatus of the present invention;

FIG. 4 is a plan view showing a configuration example of a
signal terminal photomask used in the exposure apparatus of
the present invention;

FIGS. 5A and 5B are views showing a configuration
example of a signal terminal lens assembly used in the expo-
sure apparatus of the present invention, in which FIG. 5Ais a
plan view of the signal terminal lens assembly of FIG. 1, FIG.
5B is a front view of the signal terminal lens assembly of FIG.
1

FIG. 6 is a plan view for explaining a first aperture stop
opening of the signal terminal lens assembly;

FIGS. 7A to 7D are views showing exposure by two unit
lens groups adjacent to each other in a moving direction of the
signal terminal lens assembly;

FIGS. 8A to 8C are plan views showing another shape of
the first aperture stop opening;

FIG. 9 is a plan view showing a configuration example of a
scanning terminal photomask used in the exposure apparatus
of the present invention;

FIGS. 10A and 10B are views showing a configuration
example of a scanning terminal lens assembly used in the
exposure apparatus of the present invention, FIG. 10A is a
plan view. FIG. 10B is a front view;

FIG. 11 is a plan view showing a large area substrate on
which multiple display panels are attached and which is a
substrate used in the exposure apparatus of the present inven-
tion;

FIG. 12 is a plan view showing an arrangement of exposure
optical units in the exposure apparatus of the present inven-
tion and showing an arrangement example on the large area
substrate of FIG. 11; and

FIGS. 13A and 13B are schematic plan views showing an
example in which multiple types of mask patterns are formed
in one photomask, FIG. 13A shows an example of signal
terminal photomasks, FIG. 13B shows an example of scan-
ning terminal photomasks.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Hereinafter, an embodiment of the present invention will
be described in detail with reference to the attached drawings.
FIG. 1 is a front view showing an embodiment of an exposure
apparatus according to the present invention. FIG. 2 is a plan
view of FIG. 1. The exposure apparatus can perform exposure
an image of non-periodic pattern on a large area object to be
exposed with high resolving power. The exposure apparatus
includes a conveying device 1, a first exposure optical unit 2,
and a second exposure optical unit 3. In the description below,
a case will be described in which the object to be exposed is
a thin film transistor (hereinafter referred to as “TFT”) sub-
strate of a display apparatus.

FIG. 3 is aplan view showing a TFT substrate 4 used in the
present invention. Another exposure apparatus forms an
exposure pattern in which a plurality of signal lines and a
plurality of scanning lines crisscross at predetermined cycle
in a display area 5, so that the TFT substrate 4 is formed. An
area 6 enclosed by a dashed line outside the display area 5 is
an area in which signal terminals that connect a plurality of
signal lines to a signal drive circuit provided outside are

10

15

20

25

30

35

40

45

50

55

60

65

6

formed. An area 7 is an area in which scanning terminals that
connect a plurality of scanning lines to a scanning drive
circuit provided outside are formed.

The conveying device 1 conveys a stage 8 in one direction
(direction indicated by an arrow A shown in FIG. 1), on an
upper surface of the stage 8, the TFT substrate 4 on which a
photosensitive resin is coated is placed. The conveying device
1 moves the stage 8 by a moving mechanism including, for
example, a motor, a gear, and the like. Furthermore, gas
ejecting holes and gas drawing holes are provided on the
surface of the stage 8 and the TFT substrate 4 may be con-
veyed while the TFT substrate 4 is floated from the stage 8 by
a predetermined distance by balancing the ejecting force and
the drawing force of the gas. The conveying device 1 is
provided with a position sensor (not shown) for measuring a
moving distance of the stage 8.

The first exposure optical unit 2 is provided above the
conveying device 1. The first exposure optical unit 2 exposes
animage of a pattern of signal terminals on the signal terminal
forming area 6 of the TFT substrate 4 and includes a light
source device 9, a signal terminal photomask 10, a signal
terminal lens assembly 11, and a moving device 12.

Here, the light source device 9 irradiates parallel light
having a uniform brightness distribution to the signal terminal
photomask 10 described later. The light source device 9
includes, for example, a light source such as an extra high
pressure mercury lamp and a xenon lamp, a photo integrator
for uniformizing the brightness distribution of the light irra-
diated from the light source, and a condenser lens for con-
verting the light, of which brightness distribution is uni-
formized, into parallel light.

The signal terminal photomask 10 is provided on the down-
stream side of the light of the light source device 9. As shown
in FIG. 4, the signal terminal photomask 10 is obtained by
forming a signal terminal mask pattern 13 having the same
shape as that of the signal terminals on a surface of a trans-
parent substrate. The signal terminal photomask 10 is held on
a mask stage not shown with the surface on which the signal
terminal mask pattern 13 is formed facing down. The signal
terminal photomask 10 is classified into a positive type and a
negative type according to the type of photosensitive resin to
be used. Here, a case in which the signal terminal photomask
10 is positive type will be described. Therefore, the signal
terminal mask pattern 13 is formed of an opaque film and light
passes through an area outside the signal terminal mask pat-
tern 13.

The signal terminal lens assembly 11 is provided between
the signal terminal photomask 10 and the stage 8 of the
conveying device 1. The signal terminal lens assembly 11
forms a same-size erect image of the signal terminal mask
pattern 13 formed on the signal terminal photomask 10, on the
surface of the TFT substrate 4. A plurality of unit lens groups
15 in which a plurality of convex lenses (microlenses) 14a to
14/ are arranged in a normal direction to the signal terminal
photomask 10 as shown in FIG. 5B are arranged in a plane in
parallel with the signal terminal photomask 10 and the stage
8 in the signal terminal lens assembly 11. The signal terminal
lens assembly 11 is moved in a plane in parallel with the
signal terminal photomask 10 and the stage 8 by the moving
device 12 described later in a direction (direction indicated by
an arrow B in FIG. 1) opposite to the substrate conveying
direction indicated by the arrow A in FIG. 1.

The signal terminal lens assembly 11 has a specific con-
figuration example in which, as shown in FIG. 5A, three lens
columns 16 are provided, in each of which a plurality of unit
lens groups 15 are arranged with a pitch P, (for example, 150
um pitch) in a direction perpendicular to the moving direction
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of'the signal terminal lens assembly 11 (a direction indicated
by an arrow B in FIG. 5A). The lens columns 16 are provided
with a pitch P, (for example, 150 um pitch) in the moving
direction indicated by the arrow B. Each of the lens column 16
is shifted from an adjacent lens column 16 by 1/n of the
arrangement pitch P, of the plurality of unit lens groups 15 (n
is an integer greater than or equal to 2 and n=3 in FIG. 5A) in
the arrangement direction of the unit lens groups 15 so that a
part of each unit lens group 15 of each lens columns 16
overlaps each other as seen from the moving direction (the
direction indicated by the arrow B).

As shown in FIG. 5B, the signal terminal lens assembly 11
is formed by overlapping and joining a first, a second, a third,
and a fourth lens arrays 18a to 184, in each of which a
plurality of convex lenses 14 are formed on both surfaces of a
transparent substrate 17 in a state in which the convex lenses
14 on the upper surface and the convex lenses 14 on the lower
surface correspond to each other, in a state in which corre-
sponding convex lenses 14 have the same optical axis. Fur-
thermore, the signal terminal lens assembly 11 is formed so
that an intermediate inverted image of the signal terminal
mask pattern 13 of the signal terminal photomask 10 is
formed between the second lens array 185 and the third lens
array 18c. In this case, eight convex lenses 14a to 14/
arranged to have the same optical axis form a unit lens group
15.

Here, function of each convex lens 14 in the unit lens group
15 will be described. First, the front convex lens 14a of the
first lens array 18a is a field lens for collecting a main light
beam of incident light onto the surface of the rear convex lens
1454 of'the first lens array 18a in order to increase the amount
of exposure light which passes through the signal terminal
photomask 10 and which is taken into the unit lens group 15.
The rear convex lens 145 of the first lens array 18a and the
front convex lens 14¢ of the second lens array 185 are imaging
lenses which cooperate with each other to form an image of
the signal terminal mask pattern 13 of the signal terminal
photomask 10 between the second lens array 185 and the third
lens array 18¢ and generate an intermediate inverted image of
the signal terminal mask pattern 13. Furthermore, the rear
convex lens 14d of the second lens array 185 is a field lens for
converting the main light beam of the incident light into a
light beam parallel with the optical axis. The front convex lens
14e of the third lens array 18c¢ is a field lens for collecting the
main light beam of the incident light onto the surface of the
rear convex lens 14f of the third lens array 18¢. Furthermore,
the rear convex lens 14f of the third lens array 18¢ and the
front convex lens 14g of the fourth lens array 184 are imaging
lenses which cooperate with each other to form the interme-
diate inverted image of the signal terminal mask pattern 13 on
the surface of the TFT substrate 4 and generate an erect image
of the signal terminal mask pattern 13. The rear convex lens
14/ of the fourth lens array 184 is a field lens for converting
the main light beam of the incident light into a light beam
parallel with the optical axis. Thereby, it is possible to form a
same-size erect image of the signal terminal mask pattern 13
of'the signal terminal photomask 10 on the surface of the TFT
substrate 4 by the unit lens group 15.

As shown in FIG. 5B, in the signal terminal lens assembly
11, a first aperture stop 19 including an opening 20 having a
predetermined shape is provided near the surface of the front
convex lens 14e¢ of the third lens array 18c¢, so that an exposure
area by the unit lens group 15 is limited to a central portion of
the lens. Thereby, it is possible to expose an image of the
signal terminal mask pattern 13 of the signal terminal photo-
mask 10 with high resolving power while eliminating the
effect of lens aberration.
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In this case, as shown in FIG. 6, the opening 20 of the first
aperture stop 19 has a shape, a part of which is a light-
shielding portion, so that, in an opening having a rectangular
shape in a planar view including four corners 21a, 215, 21c,
and 21d, an area corresponding to a portion (hereinafter
referred to as “overlapping portion 22”) overlapping a part of
the opening 20 of an adjacent first aperture stop 19 as seen
from the moving direction of the signal terminal lens assem-
bly 11 (direction indicated by an arrow B) is a half of the
entire area of the overlapping portion 22. In the present
embodiment, as shown in FIG. 5A, the opening 20 of the first
aperture stop 19 has a hexagonal shape having corners on the
center line of the lens column 16. Thereby, the area corre-
sponding to the overlapping portion 22 of the opening 20 of
the first aperture stop 19 is a half of the entire area of the
overlapping portion 22, so that the average amount of expo-
sure of the area corresponding to the overlapping portion 22 is
a half of a predetermined amount of exposure. Therefore, a
predetermined amount of exposure is performed on the area
corresponding to the overlapping portion 22 by repeated
exposure of two unit lens groups 15 located adjacent to each
other in the moving direction of the signal terminal lens
assembly 11 (direction indicated by the arrow B). Hence,
there is no possibility that the area corresponding to the over-
lapping portion 22 is overly exposed.

Here, a mechanism in which the area corresponding to the
overlapping portion 22 is exposed while the signal terminal
lens assembly 11 is moved will be described in further detail
with reference to FIGS. 7A and 7B.

FIG. 7A is a plan view showing the unit lens groups 15
located adjacent to each other in the moving direction of the
signal terminal lens assembly 11 (direction indicated by an
arrow B). FIG. 7B is a view showing an exposure of a point O
corresponding to a portion outside the overlapping portion 22
in FIG. 7A. In this case, the point O is limited by the opening
20 of the first aperture stop 19 and the exposure is started at t,
and completed at t,. Thereby, the point O is exposed to a
predetermined amount of light in a time period betweent, and
t, and an exposure of a predetermined depth is performed.

On the other hand, FIG. 7C is an illustration showing an
exposure of a point P corresponding to the overlapping por-
tion 22. In this case, the point P is limited by a portion
corresponding to the overlapping portion 22 of the opening 20
of'the first aperture stop 19 and the exposure is started att; and
temporarily ended att,, and thereafter the point P is limited by
a portion corresponding to the overlapping portion 22 of the
opening 20 of the following first aperture stop 19 and the
exposure is restarted at t5 and completed at ts. Thereby, the
point P is exposed to a predetermined amount of light in a time
period between t; and t, and a time period between t5 and t
and an exposure of a predetermined depth is performed.

FIG. 7D is a view showing an exposure of a point Q
corresponding to the overlapping portion 22. In this case, the
point Q is limited by a portion corresponding to the overlap-
ping portion 22 of the opening 20 of the first aperture stop 19
and the exposure is started at t, and temporarily ended at tg,
and thereafter the point Q is limited by a portion correspond-
ing to the overlapping portion 22 of the opening 20 of the
following first aperture stop 19 and the exposure is restarted at
t;, and completed at t, ;. Thereby, the point Q is exposed to a
predetermined amount of light in a time period betweent, and
tg and a time period between t, and t,, and an exposure of a
predetermined depth is performed.

The shape of the opening 20 of the first aperture stop 19 is
not limited to the hexagonal shape, but any shape may be used
if a part of the shape shields light so that the area of a portion
corresponding to the overlapping portion 22 of the opening 20
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of the first aperture stop 19 is a half of the entire area of the
overlapping portion 22. For example, as shown in FIGS. 8A to
8C, various shapes such as a trapezoidal shape may be used.

As shown in FIG. 5B, in the signal terminal lens assembly
11, a second aperture stop 23 including an opening having an
elliptical shape corresponding to the opening 20 of the first
aperture stop 19 is provided near the surface of the convex
lens 14g on the upstream side of the light propagation direc-
tion of the fourth lens array 184, so that the diameter of light
flux passing through the unit lens group 15 is limited.

Furthermore, the signal terminal lens assembly 11 is
formed so that light around the front convex lens 14a of the
first lens array 18aq is shielded and the width w, in the moving
direction indicated by the arrow 13 in FIG. 5A (direction
opposite to the direction indicated by the arrow A) of
upstream and downstream areas other than a lens forming
area enclosed by a solid bolded line in FIG. 5A in the moving
direction is at least the same as the width W, (see FIG. 4) in
the direction indicated by the arrow A of a forming area of the
signal terminal mask pattern 13 of the signal terminal photo-
mask 10. Thereby, it is possible to completely shield light
passing through the signal terminal photomask 10 before the
signal terminal lens assembly 11 moves and after the signal
terminal lens assembly 11 has moved.

The moving device 12 is provided to move the signal
terminal lens assembly 11. The moving device 12 moves the
signal terminal lens assembly 11 in a plane in parallel with the
signal terminal photomask 10 and the stage 8 in the direction
indicated by the arrow Bin FIG. 1. For example, the moving
device 12 is an electromagnetic actuator or an electromotive
stage.

The second exposure optical unit 3 is provided above the
stage 8 on the downstream side of the first exposure optical
unit 2 in the substrate conveying direction. The second expo-
sure optical unit 3 exposes a pattern of scanning terminals on
the area of the TFT substrate 4 and includes a light source
device 23, a scanning terminal photomask 24, a scanning
terminal lens assembly 25, and a moving device 26.

Here, the light source device 23 irradiates parallel light
having a uniform brightness distribution to the scanning ter-
minal photomask 24 described later. In the same manner as
the light source device 9 of the first exposure optical unit 2, the
light source device 23 includes, for example, a light source
such as an extra high pressure mercury lamp and a xenon
lamp, a photo integrator for uniformizing the brightness dis-
tribution of light irradiated from the light source, and a con-
denser lens for converting the light, of which brightness dis-
tribution is uniformized, into parallel light.

The scanning terminal photomask 24 is provided on the
downstream side of the light of the light source device 23. As
shown in FIG. 9, in the scanning terminal photomask 24, a
scanning terminal mask pattern 27 having the same shape as
that of the scanning terminals on a surface of a transparent
substrate is formed. The scanning terminal photomask 24 is
held on a mask stage not shown in the drawings with the
surface on which the scanning terminal mask pattern 27 is
formed facing down. In the same manner as the signal termi-
nal mask pattern 13, the scanning terminal photomask 24 is
classified into a positive type and a negative type according to
the type of photosensitive resin to be used. Here, a case in
which the scanning terminal photomask 24 is positive type
will be described. Therefore, the scanning terminal mask
pattern 27 is formed of an opaque film and light passes
through an area outside the scanning terminal mask pattern
27.

The scanning terminal lens assembly 25 is provided
between the scanning terminal photomask 24 and the stage 8
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of'the conveying device 1. The scanning terminal lens assem-
bly 25 forms a same-size erect image of the scanning terminal
mask pattern 27 formed on the scanning terminal photomask
24 on the surface of the TFT substrate 4. As shown in FIG.
10B, a plurality of unit lens groups 29 in which a plurality of
convex lenses (microlenses) 28a to 28/ are arranged in a
normal direction to the scanning terminal photomask 24 are
arranged in a plane in parallel with the scanning terminal
photomask 24 and the stage 8 in the scanning terminal lens
assembly 25. The scanning terminal lens assembly 25 is
moved in a plane in parallel with the scanning terminal pho-
tomask 24 and the stage 8 by the moving device 26 described
later in a direction indicated by an arrow C shown in FIG. 2
(direction perpendicular to the substrate conveying direction
indicated by the arrow A).

As shown in FIG. 10A, the scanning terminal lens assem-
bly 25 has a specific configuration example in which three
lens columns 30 are provided, in each of which a plurality of
unit lens groups 29 are arranged with a pitch P, (for example,
150 pm pitch) in a direction perpendicular to the moving
direction of the scanning terminal lens assembly 25 (a direc-
tion indicated by an arrow C in FIG. 10A). The lens columns
30 are provided with a pitch P, (for example, 150 pm pitch) in
the moving direction indicated by the arrow C. Each of the
lens column 30 is shifted from an adjacent lens column 30 by
1/m of the arrangement pitch P; of the plurality of unit lens
groups 29 (m is an integer greater than or equal to 2 and m=3
in FIG. 10A) in the arrangement direction of the unit lens
groups 29 so that a part of each unit lens group 29 of each lens
column 30 overlaps each other as seen from the moving
direction (the direction indicated by the arrow C).

As shown in FIG. 10B, the scanning terminal lens assem-
bly 25 is formed by overlapping and joining a first, a second,
a third, and a fourth lens arrays 31a to 314, in each of which
aplurality of convex lenses 28 are formed on both surfaces of
atransparent substrate in a state in which the convex lenses 28
on the upper surface and the convex lenses 28 on the lower
surface correspond to each other, in a state in which corre-
sponding convex lenses 28 have the same optical axis. Fur-
thermore, the scanning terminal lens assembly 25 is formed
so that an intermediate inverted image of the scanning termi-
nal mask pattern 27 of the scanning terminal photomask 24 is
formed between the second lens array 3156 and the third lens
array 31c. In this case, eight convex lenses 28a to 284
arranged to have the same optical axis form a unit lens group
29. The configuration of the scanning terminal lens assembly
25 is the same as that of the signal terminal lens assembly 11
of the first exposure optical unit 2, so that the description of
the specific configuration of the unit lens group 29 and func-
tions of' each convex lens 28 will be omitted here. In FIG. 10B,
reference numeral 32 denotes a first aperture stop, reference
numeral 33 denotes an opening of the first aperture stop 32,
and reference numeral 34 denotes a second aperture stop.

Furthermore, the scanning terminal lens assembly 25 is
formed so that light around the front convex lens 28a of the
first lens array 31a is shielded and the width w, in the moving
direction indicated by the arrow C in FIG. 10A of upstream
and downstream areas other than alens forming area enclosed
by a solid bolded line in FIG. 10A in the moving direction is
at least the same as the width W, (see FIG. 9) in a direction
perpendicular to the direction indicated by the arrow A of a
forming area of the scanning terminal mask pattern 27 of the
scanning terminal photomask 24. Thereby, it is possible to
completely shield light passing through the scanning terminal
photomask 24 before the scanning terminal lens assembly 25
moves and after the scanning terminal lens assembly 25 has
moved.
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The moving device 26 is provided to move the scanning
terminal lens assembly 25. The moving device 26 moves the
scanning terminal lens assembly 25 in a plane in parallel with
the scanning terminal photomask 24 and the stage 8 in the
direction indicated by the arrow C in FIG. 2. For example, the
moving device 26 is an electromagnetic actuator or an elec-
tromotive stage.

Next, an operation of the exposure apparatus configured as
described above will be described.

First, the TFT substrate 4 on which exposure patterns of the
signal lines and the scanning lines are formed in the display
area 5 in advance by another exposure apparatus is positioned
and placed at a predetermined position on the stage 8. There-
after, the conveying device 1 is driven to move the stage 8 at
a constant speed in the direction indicated by the arrow A in
FIG. 1, so that the TFT substrate 4 is moved in the direction
indicated by the arrow A. At this time, the light sources of the
first and the second exposure optical units 2 and 3 are turned
on.

Next, a reference mark (not shown in the drawings) pro-
vided on the TFT substrate 4 in advance is detected by an
imaging device (not shown in the drawings) provided on the
upstream side of the first exposure optical unit 2 in the sub-
strate conveying direction and the moving distance of the
stage 8 is measured by an position sensor on the basis of a
position of the stage 8 at the time when the reference mark is
detected. When the stage 8 is moved by a predetermined
distance and the signal terminal forming area 6 of the TFT
substrate 4 reaches immediately below the signal terminal
photomask 10 of the first exposure optical unit 2, the move-
ment of the stage 8 is stopped.

Subsequently, the moving device 12 of the first exposure
optical unit 2 is driven and the signal terminal lens assembly
11 begins to move in the direction indicated by the arrow B in
FIG. 1, a same-size erect image of the signal terminal mask
pattern 13 of the signal terminal photomask 10 shown in FIG.
4 is projected onto the surface of the TFT substrate 4 by a
plurality of unit lens groups 15 (see FIGS. 5A and 5B) moving
continuously in the direction indicated by the arrow B, and an
exposure pattern of the signal terminals is formed on the
signal terminal forming area 6 of the TFT substrate 4.

At this time, as shown in FIG. 6, an area corresponding to
the overlapping portion 22 in the exposure area limited by the
opening 20 of the first aperture stop 19 of the unit lens group
15 is repeatedly exposed by two unit lens groups 15 located
adjacent to each other in the moving direction (indicated by
the arrow B in FIG. 6) ofthe signal terminal lens assembly 11.
Thereby, the exposure pattern of the signal terminals is con-
tinuously connected without interruption. In this case, the
portion corresponding to the overlapping portion 22 in the
opening 20 of the first aperture stop 19 is formed so that the
area thereof is a half of the entire area of the overlapping
portion 22, and thus, an exposure of a predetermined depth is
performed by the repeated exposure of the two unit lens
groups 15 and there is no possibility of over exposure.

When the signal terminal lens assembly 11 moves by a
predetermined distance and the entire exposure pattern of the
signal terminal mask pattern 13 is formed on the signal ter-
minal forming area 6 of the TFT substrate 4, the moving
device 12 stops, the stage 8 begins to move, and the convey-
ance of the TFT substrate 4 is restarted.

Furthermore, when the TFT substrate 4 moves by a prede-
termined distance and a scanning terminal forming area 7 of
the TFT substrate 4 reaches immediately below the scanning
terminal photomask 24 of the second exposure optical unit 3,
the movement of the stage 8 is stopped.
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Subsequently, the moving device 26 of the second expo-
sure optical unit 3 is driven and the scanning terminal lens
assembly 25 begins to move in the direction indicated by the
arrow C in FIG. 2, a same-size erect image of the scanning
terminal mask pattern 27 of the scanning terminal photomask
24 shown in FIG. 9 is projected onto the surface of the TFT
substrate 4 by a plurality of unit lens groups 29 (see FIGS.
10A and 10B) moving continuously in the direction indicated
by the arrow C, and an exposure pattern of the scanning
terminals is formed on the scanning terminal forming area 7
of the TFT substrate 4.

At this time, in the same manner as in the case of the signal
terminal lens assembly 11 of the first exposure optical unit 2
shown in FIG. 6, an area corresponding to the overlapping
portion in the exposure area limited by the opening 33 of the
first aperture stop 32 of the unit lens group 29 is repeatedly
exposed by two unit lens groups 29 located adjacent to each
other in the moving direction (indicated by the arrow C in
FIG. 10A) of the scanning terminal lens assembly 25.
Thereby, the exposure pattern of the scanning terminals is
continuously connected without interruption. In this case, in
the same manner as in the first aperture stop 19 of the first
exposure optical unit 2, the portion corresponding to the
overlapping portion in the opening 33 of the first aperture stop
32 is formed so that the area thereof is a half of the entire area
of the overlapping portion, and thus, an exposure of a prede-
termined depth is performed by the repeated exposure of the
two unit lens groups 29 and there is no possibility of over
exposure.

When the scanning terminal lens assembly 25 moves by a
predetermined distance and the entire exposure pattern of the
scanning terminal mask pattern 27 is formed on the scanning
terminal forming area 7 of the TFT substrate 4, the moving
device 26 stops and all the exposure to the TFT substrate 4 is
completed. Thereafter, the movement of the stage 8 is
restarted and the TFT substrate 4 is conveyed to the outside.

Although, in the above embodiment, a case is described in
which the signal terminal lens assembly 11 includes one set of
three lens columns 16 and the scanning terminal lens assem-
bly 25 includes one set of three lens columns 30, the present
invention is not limited to this, and a plurality of sets of three
lens columns 16 and a plurality of sets of three lens columns
30 may be provided in the moving directions (directions
indicated by the arrows B and C) of the signal terminal lens
assembly 11 and the scanning terminal lens assembly 25,
respectively. In this case, multiple exposure is performed by
the unit lens groups 15 and 29 located on a line parallel with
the moving direction. Thereby, it is possible to increase the
moving speed of the signal terminal lens assembly 11 and the
scanning terminal lens assembly 25 and shorten the tact time
of the exposure process. Furthermore, the power of the light
source to be used can be small.

Although, in the above embodiment, a case is described in
which exposure patterns of the signal terminals and the scan-
ning terminals are formed on one TFT substrate 4 for a liquid
crystal display, the present invention is not limited to this, and
the present invention can be applied to a case in which expo-
sure patterns of the signal terminals and the scanning termi-
nals are formed on a plurality of display panels 36 (8 panels
widex8 panels high are shown in FIG. 11) attached to a large
area substrate 35 as shown in FIG. 11. In this case, as shown
in FIG. 12, eight first exposure optical units 2 and eight
second exposure optical units 3 may be provided in a stag-
gered manner with respect to each display panel 36 in a
direction perpendicular to the substrate conveying direction
(indicated by the arrow A). When pattern shapes of the signal
terminals or the scanning terminals of each display panel 36
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are different from each other, a signal terminal photomask 10
including a plurality of types of signal terminal mask patterns
13 as shown in FIG. 13 A and a scanning terminal photomask
24 including a plurality of types of scanning terminal mask
patterns 27 as shown in FIG. 13B may be used.

Here, in a case in which shapes of the signal terminals and
the scanning terminals of each display panel 36 are different
from each other, when the exposure, for example, using the
signal terminal mask pattern 13 of the signal terminal photo-
mask 10, to a predetermined display panel 36 is completed,
the substrate 35 is moved by a predetermined distance, and
thereafter the signal terminal photomask 10 is moved in the
direction indicated by the arrow B and the signal terminal
mask pattern 13 is switched to the next signal terminal mask
pattern 13, and exposure is performed to another display
panel 36 using the next signal terminal mask pattern 13.
Thereafter, while repeating the moving and stopping of the
substrate 35, the signal terminal photomask 10 is moved in the
direction indicated by the arrow B and the signal terminal
mask pattern 13 is switched one after another to perform
exposure to a corresponding display panel 36. Similarly, in
the case of the scanning terminal photomask 24, when the
exposure, for example, using the scanning terminal mask
pattern 27, to a predetermined display panel 36 is completed,
the substrate 35 is moved by a predetermined distance, and
thereafter the scanning terminal photomask 24 is moved in
the direction indicated by the arrow C and the scanning ter-
minal mask pattern 27 is switched to the next scanning ter-
minal mask pattern 27, and exposure is performed to another
display panel 36 using the next scanning terminal mask pat-
tern 27. Furthermore, the scanning terminal mask pattern 27
may be switched to another scanning terminal mask pattern
27 and exposure may be performed to another display panel
36 using the other scanning terminal mask pattern 27.

Although, in the above embodiment, a case is described in
which the TFT substrate 4 is a substrate in which an exposure
pattern of a plurality of signal lines and scanning lines criss-
crossing each other is formed in the display area 5 by another
exposure apparatus, the present invention is not limited to
this, and a third exposure optical unit for forming the above-
mentioned exposure pattern of signal lines and scanning lines
onthe TFT substrate 4 may be provided on the upstream side
of' the first exposure optical unit 2 in the substrate conveying
direction. In this case, it is preferred that the third exposure
optical unit should be an exposure optical unit in which two
mask pattern groups including two types of mask patterns
having different required resolving powers such as electrode
wiring, signal lines, and scanning lines of a thin film transistor
are formed on a light-shielding film which is formed on one
surface of a transparent substrate along the conveying direc-
tion of the TFT substrate 4, a photomask on which micro-
lenses for projecting a reduced image of a mask pattern cor-
responding to a mask pattern of electrode wiring of a thin film
transistor having higher required resolving power of the two
types of mask patterns having different required resolving
powers onto the TFT substrate 4 are formed, is arranged on
the other surface so that the microlenses face the TFT sub-
strate 4, and light from a light source is intermittently irradi-
ated to the photomask at predetermined time intervals and the
two types of mask patterns of the photomask are exposed to
the TFT substrate 4 that is being conveyed at a constant speed
in the direction indicated by the arrow A in FIG. 1 at a
predetermined cycle.

The photomask used here may have a specific configura-
tion in which, in a direction in which a mask pattern group
including electrode wiring mask patterns of a thin film tran-
sistor having high required resolving power is substantially
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perpendicular to the conveying direction of the TFT substrate
4 (direction indicated by the arrow A), a plurality of mask
pattern columns are formed by linearly aligning the plurality
of mask patterns at a predetermined pitch, and in order to be
possible to complement spaces between a plurality of expo-
sure patterns formed by a mask pattern column located down-
stream in the conveying direction of the TFT substrate 4 with
aplurality of exposure patterns formed by a subsequent mask
pattern column, the subsequent mask pattern column is
formed by being shifted by a predetermined distance in an
alignment direction of the plurality of mask patterns.

Furthermore, although, in the above embodiment, a case is
described in which exposure is performed while the TFT
substrate 4 is moved in one direction, the present invention is
not limited to this, and exposure may be performed while the
TFT substrate 4 is moved step by step in a two-dimensional
plane.

Although, in the above description, a case is described in
which the object to be exposed is the TFT substrate 4, the
present invention is not limited to this, and any object to be
exposed may be used if non-periodic pattern is formed on the
object to be exposed.

It should be noted that the entire contents of Japanese
Patent Application No. 2009-275455, filed on Dec. 3, 2009,
on which the convention priority is claimed is incorporated
herein by reference.

It should also be understood that many modifications and
variations of the described embodiments of the invention will
occur to a person having an ordinary skill in the art without
departing from the spirit and scope of the present invention as
claimed in the appended claims.

What is claimed is:

1. An exposure apparatus comprising:

a stage on which an object to be exposed is held and that

conveys the object to be exposed in one direction;

a photomask on which a mask pattern having the same
shape as that of an exposure pattern exposed onto a
surface of the object to be exposed held on the stage is
formed;

a lens assembly which is disposed between the photomask
and the stage and in which a plurality of unit lens groups
in each of which a plurality of convex lenses are
arranged in a normal direction to the photomask so that
a same-size erect image of the mask pattern formed on
the photomask can be formed on the surface ofthe object
to be exposed are arranged in a plane parallel with the
photomask and the surface of the object to be exposed
held on the stage; and

a moving device that moves the lens assembly in a plane
parallel with the photomask and the surface of the object
to be exposed held on the stage, in a state in which
movement of the stage is stopped.

2. The exposure apparatus according to claim 1, wherein
the lens assembly includes a plurality of lens columns in each
of which a plurality of the unit lens groups are arranged at a
predetermined pitch in a direction perpendicular to a moving
direction of the lens assembly, the plurality of lens columns
are provided at a predetermined pitch in the moving direction,
and each lens column is shifted from an adjacent lens column
by a predetermined distance in an arrangement direction of
the unit lens groups so that a part of each unit lens group of
each lens columns overlaps each other as seen from the mov-
ing direction.

3. The exposure apparatus according to claim 1, wherein
the lens assembly is formed by overlapping a first, a second,
a third, and a fourth lens array arrays in each of which a
plurality of convex lenses are formed on both surfaces of a
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transparent substrate in a state in which the convex lenses on
the upper surface and the convex lenses on the lower surface
correspond to each other, in a state in which corresponding
convex lenses have the same optical axis, and the lens assem-
bly is formed so that an intermediate inverted image of the
mask pattern of the photomask is formed between the second
lens array and the third lens array.

4. The exposure apparatus according to claim 3, wherein
the lens assembly includes a first aperture stop including an
opening having a predetermined shape near a surface of a
convex lens located upstream in a light propagation direction
of'the third lens array, so that an exposure area by the unit lens
is limited to a central portion of the lens.

5. The exposure apparatus according to claim 4, wherein
the opening of the first aperture stop has a shape, a part of
which is a light shielding portion, so that, in an opening
having a rectangular shape in a planar view, an area of a
portion overlapping a part of an opening of an adjacent first
aperture stop as seen from the moving direction of the lens
assembly is a halfofthe entire area of the overlapping portion.

6. The exposure apparatus according to claim 3, wherein
the lens assembly includes a second aperture stop which
limits a diameter of light flux near a surface of a lens on the
upstream side of the fourth lens array in a light propagation
direction.

7. The exposure apparatus according to claim 1, further
comprising another photomask in which a plurality of other
mask patterns are formed by arranging the mask patterns in at
least one column at predetermined intervals in a direction
perpendicular to the conveying direction of the object to be
exposed on a light-shielding film formed on one surface of a
transparent substrate above the stage on the upstream side of
the photomask in the conveying direction of the object to be
exposed, wherein light from a light source is intermittently
irradiated to the another photomask at predetermined time
intervals and images of the mask patterns are exposed to the
object to be exposed that is being conveyed at a constant speed
at a predetermined cycle.

8. The exposure apparatus according to claim 7, wherein in
the another photomask, two mask pattern groups including
two types of mask patterns having different required resolv-
ing powers are formed on a light-shielding film formed on a
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surface of a transparent substrate opposite to a surface facing
the object to be exposed along the conveying direction of the
object to be exposed, and microlenses, which project projects
a reduced image of a mask pattern corresponding to a mask
pattern having higher required resolving power of the two
types of mask patterns having different required resolving
powers onto the object to be exposed, are formed on the
surface facing the object to be exposed.
9. The exposure apparatus according to claim 8, wherein, a
mask pattern group including the mask pattern having higher
required resolving power includes a plurality of mask pattern
columns formed by linearly aligning the plurality of mask
patterns at a predetermined pitch in a direction substantially
perpendicular to the conveying direction of the object to be
exposed, and a subsequent mask pattern column is formed by
being shifted by a predetermined distance in an alignment
direction of the plurality of mask patterns to thereby comple-
ment spaces between a plurality of exposure patterns formed
by a mask pattern column located downstream in the convey-
ing direction of the object to be exposed with a plurality of
exposure patterns formed by a subsequent mask pattern col-
umn.
10. The exposure apparatus according to claim 7, wherein
the object to be exposed is a thin film transistor substrate of
a display apparatus,

the another photomask is used to expose in a central display
area of the thin film transistor substrate images of the
two types of mask patterns having different required
resolving powers at a predetermined cycle, a mask pat-
tern having higher required resolving power of the two
types of mask patterns having different required resolv-
ing powers is an electrode wiring mask pattern of a thin
film transistor, and a mask pattern having lower required
resolving power is a mask pattern for signal lines and
scanning lines which supply signals to the thin film
transistor, and

the photomask includes a mask pattern for terminals con-

nected to the signal lines or the scanning lines in an area
outside the display area of the thin film transistor sub-
strate.



